INTRODUCTION {#sec1-1}
============

The main objective of periodontal therapy is to restore and maintain the health and integrity of the attachment apparatus of teeth. In adult patients, the loss of teeth or periodontal support can result in pathological teeth migration involving either a single tooth or a group of teeth. This may result in the development of a median diastema or general spacing of the teeth with or without incisal proclination, rotation or tipping of bicuspids and molars with the collapse of the posterior occlusion and decreasing vertical dimension. Orthodontic treatment can often correct these problems, or at least prevent them from progressing. Additionally, orthodontic therapy can facilitate management of several restorative and aesthetic problems relating to fractured teeth, tipped abutment teeth, excess spacing, inadequate pontic space, malformed teeth, and diastema. Orthodontic treatment may improve periodontal health in these circumstances, but it also holds some potential for harm to the periodontal tissues. Thus, orthodontic treatment can be referred to as a two-edge sword, which may be sometimes very meaningful in increasing the periodontal health status, and may be sometimes a harmful procedure, which can be followed by several types of periodontal complications. However, this issue seems to be debatable.

PERIODONTAL TISSUE AND ORTHODONTIC FORCES {#sec1-2}
=========================================

Tooth movement during orthodontic therapy is the result of placing controlled forces on teeth. Removable appliances place intermittent tipping forces on teeth while fixed appliances can create continuous multidirectional forces to create torquing, intrusive, extrusive, rotational and bodily movement.\[[@CIT1][@CIT2]\] Bone surrounding a tooth subjected to a force responds in the following manner: resorption occurs where there is pressure and new bone forms where there is tension. When pressure is applied to a tooth, there is an initial period of movement for six to eight days as the periodontal ligament (PDL) is compressed. Compression of the PDL results in blood supply being cut off to an area of the PDL and this produces an avascular cell-free zone by a process termed "hyalinization". When hyalinization occurs, the tooth stops moving. Once the hyalinized is removed, tooth movement can occur again.\[[@CIT2][@CIT3]\]

HOW CAN ORTHODONTIC TREATMENT AFFORD SOME DEGREE OF PROTECTION AGAINST PERIODONTAL BREAKDOWN? {#sec1-3}
=============================================================================================

A strong relationship between the abnormal positions of the teeth in the dental arch and the periodontal disorders had been previously described.\[[@CIT4][@CIT5]\] Moreover, it has been shown that the number of periodontal pathogens in the anterior sites of crowded teeth is much greater than that in the sites of aligned teeth.\[[@CIT6]\] The correction of the crowded teeth can eliminate any harmful occlusal interference which may offer a great opportunity for the development of a periodontal breakdown.\[[@CIT7]\] This data definitely supports the concept that orthodontic treatment can positively affect the periodontal health, prevent the development of periodontal diseases and offer a possible action to enhance the bone formation within the bony defects.\[[@CIT8][@CIT9]\]

Generally, during orthodontic movement, the entire periodontal attachment apparatus, including the osseous structure, PDL and the soft tissue components move together with the tooth.\[[@CIT10]\] Brown looked at the influence of uprighting molars on the periodontium in four patients. Seven months following the initiation of treatment, the associated pocketing at uprighted molars had 2.5 mm greater pocket depth reduction than the one control tooth.\[[@CIT8]\] Moreover, improvement of gingival architecture and less plaque accumulation on the uprighted teeth could be noted.

In a follow-up study on 22 patients with uprighted mandibular molars after an average of 3.5 years, it was reported that pockets on the mesial surfaces were shallower on the uprighted teeth than on the control teeth.\[[@CIT11]\] Some case reports have reported that a reduction of probing depths in intrabony defects following tooth extrusion can be achieved.\[[@CIT12][@CIT13]\] In addition, there have been reported cases of localized periodontitis in which eruption of teeth reduced probing depths.\[[@CIT14][@CIT15]\] Others have also described the benefits of forced vertical eruption in the exposure of tooth structure to facilitate prosthetic treatment in healthy periodontium.\[[@CIT16]\] The use of extrusive and intrusive forces in healthy periodontium has been studied in animals\[[@CIT17]\] with favorable results in the presence of oral hygiene. The combination of orthodontic intrusion and periodontal treatment has also been shown to improve reduced periodontal conditions in animals, provided oral hygiene is maintained and tissues are healthy.\[[@CIT18]\]

Intrusion of incisors in adult patients with marginal bone loss and deep overbite has been described with root resorption varying from 1 to 3 mm. It is suggested that intrusion is best performed with low forces (5-15 g/tooth) and in the presence of gingival health.\[[@CIT19]\] Studies have also shown that moving teeth into adjacent osseous defects, orthodontic extrusion with and without fiberotomy and labial tipping of anterior teeth can be successfully accomplished without jeopardizing the periodontal support in the presence of adequate plaque control.\[[@CIT10][@CIT20]--[@CIT26]\]

ADVERSE EFFECTS OF ORTHODONTIC PROCEDURES ON PERIODONTAL TISSUE {#sec1-4}
===============================================================

Short-term and long-term effects of orthodontic treatment on the periodontium {#sec2-1}
-----------------------------------------------------------------------------

Plaque is a major etiologic factor in the development of gingivitis.\[[@CIT27]\] Results from past animal studies\[[@CIT28]--[@CIT31]\] done in dentitions with reduced periodontium show that in the absence of plaque, orthodontic forces and tooth movements do not induce gingivitis. In the presence of plaque, however, similar forces can cause angular bone defects and with tipping and intruding movements, attachment loss can occur.\[[@CIT31]\] In healthy reduced periodontal tissue support regions, orthodontic forces kept within biological limits do not cause gingival inflammation.\[[@CIT31]\] The most important factor in the initiation, progression and recurrence of periodontal disease in reduced periodontium is the presence of microbial plaque.\[[@CIT28][@CIT30]\] Clinical studies have demonstrated that with plaque control, teeth with reduced periodontal support can undergo successful tooth movement without compromising their periodontal situation.\[[@CIT32][@CIT33]\]

The orthodontic patient's inability to clean adequately should be expected to contribute to the development of gingival inflammation. Gingivitis and gingival enlargement appear to be the main short-term effects of orthodontic treatments on the periodontium. It has been noted that gingival enlargement occurs after placement of a fixed appliance.\[[@CIT34]\] The condition rapidly improves within 48 hours of the appliance being removed. The increase in probing depth during orthodontic treatment has been attributed, by others, to this enlargement.\[[@CIT35]--[@CIT37]\] As this gingival enlargement is also seen in patients with good oral hygiene, mechanical irritation caused by the band or cement must be implicated, in addition to trapped plaque.\[[@CIT37][@CIT38]\] The risk of loss of attachment can be anticipated when such iatrogenic irritations are inevitable.\[[@CIT35]\] Results of a histological study on human periodontal tissues confirm that the application and hygiene control of orthodontic bands have to be performed with great care to avoid permanent periodontal destruction.\[[@CIT39]\]

A generalized increase in salivary bacterial counts, especially Lactobacillus, has been shown after orthodontic band placement.\[[@CIT40]\] Early increase in anaerobes and Prevotella intermedia and a decrease in facultative anaerobes were also reported.\[[@CIT41][@CIT42]\] This shift in the subgingival microflora to a perio-pathogenic population is similar to the microflora at periodontally diseased sites.\[[@CIT43]\]

The orthodontic tooth intrusion used in some orthodontic treatments is considered to be a harmful procedure which may negatively affect the periodontal tissues. A non-controlled intrusive force may be resulted in root resorption, pulp disorders,\[[@CIT44]\] alveolar bone resorption, a concentrated stress within the apical part of the ligament\[[@CIT45]\] and/or an increase in the periodontal bone defects. Intrusive movements can change the relationship between the cemento-enamel conjunction and the alveolar crest which may produce an epithelial attachment along the root. With a poor oral hygiene during an orthodontic treatment, intrusion can initiate periodontal problems. It has been shown that intrusive forces usually change the position of dental plaque from supra-gingival sites to sub-gingival sites\[[@CIT31]\] which may be resulted in the formation of infra-bony defects and loss of connective tissue attachment. An increase of sub-gingival pathogens was also noted after teeth intrusion.\[[@CIT46]\] However, only a few studies did not mention the formation of periodontal pockets after tooth intrusion.\[[@CIT19]\] Other studies\[[@CIT47][@CIT48]\] have shown that after the achievement of surgical periodontal therapy of upper teeth, the intrusive forces did not show any negative effects on the periodontium, and a reduction of probing depths was clearly noted.

Some conflict exists as to the long-term effects of orthodontic treatment on the periodontium. Two retrospective studies in adults\[[@CIT49][@CIT50]\] concluded that no significant damage occurred. In a two-year post-orthodontic study, Trossello and Gianelly compared 30 adult females following multi-banded therapy with 30 age-matched control individuals.\[[@CIT51]\] They found that orthodontically treated patients had a higher prevalence of root resorption (17% vs. 2%) although there was a lower prevalence of mucogingival defects (5% vs. 12%). This root resorption was most common in the maxillary incisors followed by mandibular incisors. Radiographic crestal bone levels in 104 adult patients, who had completed orthodontic therapy at least 10 years previously, were shown in a cross sectional study to be no different to 76 matched control subjects.\[[@CIT52]\] However, Alstad and Zachrisson\[[@CIT53]\] indicated that up to 10% of 38 children had significant loss of attachment (mean 1-2 mm) in two years. In adults, it thus appears that apart from root resorption, orthodontic treatment has minimal detrimental effects on the health of the periodontium in both the short- and long-term.

In 1999, Sanders\[[@CIT54]\] conducted a review of the evidence-based literature in the fields of periodontics and orthodontics to clarify the relationship between orthodontic tooth movement and various types of common periodontal disorders; it has been shown that the literature on orthodontic tooth movement, as it relates to periodontal disease, showed that proper orthodontic treatment in patients with excellent oral hygiene and the absence of significant periodontal disorders should not pose any significant periodontal risk. In the presence of poor oral hygiene, however, and under circumstances of certain types of periodontal disorders, fixed orthodontic appliances and tooth movement can contribute to significant deleterious periodontal consequences.

MUCOGINGIVAL CONSIDERATIONS {#sec1-5}
===========================

An adequate amount of attached gingiva is necessary for gingival health\[[@CIT55]\] and, therefore, to allow appliances (functional or orthopedic) to deliver orthodontic treatment without causing periodontal complications. With labial bodily movement, incisors showed apical displacement of the gingival margin. Loss of connective tissue occurred where inflammation was present.\[[@CIT56]\] Therefore, if the tooth movement is expected to result in a reduction of soft tissue thickness and an alveolar bone dehiscence may have occurred in the presence of inflammation, gingival recession is a risk.

Trossello and Gianelly\[[@CIT51]\] found in their retrospective study of orthodontically treated adults, a low prevalence of mucogingival defects (5%). Other clinical studies\[[@CIT57][@CIT58]\] have shown that a narrow band of gingiva is capable of withstanding the stress caused by orthodontic forces. Results from an experimental study\[[@CIT44]\] indicate that as long as the tooth is moved within the envelope of the alveolar process, the risk of harmful side-effects on the marginal soft tissue is minimal. Thin, delicate tissue is far more prone to exhibit recession during orthodontic treatment than in normal or thick tissue. If a minimal zone of attached gingiva or thin tissue exists, a free gingival graft that enhances the type of tissue around the tooth helps control inflammation. This should be done before any orthodontic movement is begun.\[[@CIT59]--[@CIT61]\]

Tooth extraction is considered a frequently needed procedure when planning most orthodontic treatments, especially those which aim at correcting the insufficient space disorders in the upper and the lower jaws and/or some other aesthetic and occlusal problems. The first premolars -- and sometimes the second premolars -- in either the upper or the lower jaw are usually the first choice when extraction becomes a part of the whole orthodontic treatment plan. Gingival invaginations are defined as superficial changes in the shape of gingiva which arise after moving the teeth orthodontically in order to close the spaces resulted from extraction procedures.\[[@CIT62]\] Gingival invaginations were noted in 35% of cases after orthodontic space closure procedures.\[[@CIT63]\] They vary from slight fissures located in the keratinized gingiva to deep gaps crossing the interdental papilla buccally or lingually through the alveolar bone deeply.\[[@CIT64][@CIT65]\] Histological and histo-chemical specimens taken from sites of gingival invagination showed hypertrophy in the epithelial and the connective tissues, and sometimes, loss of gingival collagen.\[[@CIT63][@CIT66]\] The real reason for gingival invaginations is still unknown. One expected reason could be the break-up of the continuity of the fiber models within the gingiva, and also the movement of the root.\[[@CIT67]\] However, other studies suggest the gingival peeling as a reason for such changes.\[[@CIT68]\] Since gingival invaginations may offer good sites in which dental plaque can be easily embedded, researchers considered these changes in the gingiva as risk factors for the periodontal tissue disorders during orthodontic treatment.\[[@CIT69]\]

The gingival recession has been shown to be a common adverse effect during and/or after the orthodontic treatment. This effect has been noted more frequently while using buccal orthodontic movements.\[[@CIT44]\] If teeth that have thin tissue are going to be moved lingually, there is a potential for the tissue to move coronally and become thicker.\[[@CIT70]\] If no orthodontic treatment is planned for children adolescents, areas of thin gingival tissues should be monitored only periodically as the width of the attached gingiva generally increases with normal growth from the mixed to the permanent dentition.\[[@CIT71]\]

It has been shown that most cases of gingival recession which occur during an orthodontic treatment occurred in the regions of the anterior upper and lower teeth.\[[@CIT50][@CIT52][@CIT72][@CIT73]\]

An expected relationship could be established between (Tipping) orthodontic movements and gingival recession. However, this relationship is still, to date, controversial. In a study of Batenhorst,\[[@CIT20]\] gingival recessions and bone dehiscences after orthodontic tipping of the lower incisors in monkeys had been recorded. In other studies, no real cases of gingival recession or mucogingival defects had been recorded after orthodontic tipping of the incisors.\[[@CIT26][@CIT70][@CIT74][@CIT75]\]

RECENT ASPECTS IN PERIODONTIC-ORTHODONTIC INTERRELATIONSHIPS {#sec1-6}
============================================================

Generally, the main reasons routinely cited to justify the provision of orthodontic treatment are improvement of facial and dental aesthetics and of dental health and function. However, association between malocclusions and periodontal condition is still controversial.

Ngom and co-workers\[[@CIT76]\] found significant correlations between malocclusions and periodontal condition and suggested that malocclusions are risk markers for periodontal diseases. However, a real inference about a cause/effect relationship between malocclusions and periodontal condition in this study was not possible.

A review of the literature conducted by Van Gastel\[[@CIT77]\] showed contradictory findings on the impact of malocclusion and orthodontic appliances on periodontal health, since only a few studies reported attachment loss during orthodontic treatment. It has been suggested that this contradiction may be partly due to the selection of materials and differences in the research methods employed. However, our previous studies showed that orthodontic treatment in general does not have any negative effects on the periodontal tissues when a high level of oral hygiene is maintained.\[[@CIT78][@CIT79]\]

Actually, between the year 1964 and 2007, sufficient studies had been conducted in terms of orthodontic treatment and possible related periodontal changes. Thus, it sounds plausible to extract evidence-based conclusions from those studies by means of systematic reviews.

In 2008, Bollen\[[@CIT80]\] conducted two systematic reviews to address the following questions: does a malocclusion affect periodontal health, and does orthodontic treatment affect periodontal health? The first review found a correlation between the presence of a malocclusion and periodontal disease. Subjects with greater malocclusion have more severe periodontal disease. The second review identified an absence of reliable evidence on the effects of orthodontic treatment on periodontal health. The existing low-quality evidence suggests that orthodontic therapy results in small detrimental effects to the periodontium. It has been suggested that the results of both reviews do not warrant recommendation for orthodontic treatment to prevent future periodontal problems, except for specific unusual malocclusions.

Another systematic review of controlled evidence related to the same last author\[[@CIT81]\] suggested that orthodontic therapy was associated with 0.03 millimeters of gingival recession, 0.13 mm of alveolar bone loss and 0.23 mm of increased pocket depth when compared with no treatment, and it was concluded that the effects of orthodontic therapy on gingivitis and attachment loss were inconsistent across studies. According to these recent reviews, it could be concluded that an absence of reliable evidence for the positive effects of orthodontic therapy on patients' periodontal status seems to be indicated.\[[@CIT82]\]

On the other side, it seems that there still are studies that give the orthodontic treatment positive points regarding periodontal health. Gray and McIntyre\[[@CIT83]\] conducted a systematic literature review to determine the effectiveness of orthodontic oral health promotion (OHP) upon gingival health, and it has been found that an OHP program for patients undergoing fixed appliance orthodontic treatment produces a short-term reduction (up to 5 months) in plaque and improvement in gingival health.

A recent study of Thornberg and co-workers\[[@CIT84]\] aimed to document and investigate changes in periodontal pathogen levels before, during, and after orthodontic treatment in adolescents, eight pathogens were examined; *Actinobacillus actinomycetemcomitans* (AA), *Porphyromonas gingivalis* (PG), *Prevotella intermedia* (PI), *Tannerella forsythia* (TF), *Eikenella corrodens* (EC), *Fusobacterium nucleatum* (FN), *Treponema denticola* (TD), and *Campylobacter rectus* (CR). It has been shown that for six (PI, TF, EC, FN, TD, CR) of the eight pathogens, the percentages of subjects with high pathogen counts increased significantly after six months of fixed appliance treatment, but these returned to pretreatment levels by 12 months of orthodontic treatment. No pathogen level was significantly higher after 12 months of orthodontic treatment, and orthodontic treatment was found to be significantly protective for half of the pathogens (EC, FN, TD, and CR) post-treatment. It was concluded that orthodontic treatment with fixed appliances does not increase the risk of high levels of these periodontal pathogens.

The existing evidence, in general, does not seem to support the claim that orthodontic therapy results in overall improvement in periodontal health.

CONCLUSION {#sec1-7}
==========

Until 1970s, periodontists had no evidence to indicate that orthodontic treatment would either enhance or detract from the periodontal health of the patient or that it would increase or decrease the longevity of the teeth. At that time, many periodontists believed that much of the orthodontic treatment was undertaken on an esthetic or empirical basis. Nowadays, it is accepted that proper emphasis on plaque control procedures prior to initial orthodontic banding, may well minimize the inflammatory lesion often found during therapy. Although past studies have shown that orthodontic treatment can positively affect the periodontal health, recent reports and today's existing evidence do not seem to agree with the claim that orthodontic therapy results in general improvement in periodontal health. Periodontic-orthodontic interrelationships are still controversial issues. However, in addition to the need for research in this field, it is important to emphasize that a standard language between the periodontist and the orthodontist must always be established to eliminate the existing communications barrier, and therefore, to improve the outcomes of the whole treatment.
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